Twenty-four minimal disease pigs were inoculated intracerebrally, intravenously or intradermally with an English strain of swine vesicular disease virus. In the skin, snout, tongue and tonsil the main lesion was a full-thickness coagulative necrosis of the stratified squamous epithelium. In the renal pelvis, bladder, tonsillar crypts and the collecting ducts of salivary glands and pancreas, epithelial degeneration with the formation of periodic acid-Schiff-positive material were consistent features of this disease. Histopathological examination alone could not be relied upon to differentiate between well-established skin lesions caused by swine vesicular disease and foot and mouth disease.
Materials and Methods
The vesicular virus strain UKG 27/72, titre plaque-forming units per milliliter, was obtained from tissue culture harvests of the first or second passage in pig kidney cell line IB-RS-2 [2] and used as a 1 in 10 suspension. Twenty-four minimal disease Large White X Landrace pigs were used; twelve animals were given 1 ml each of suspension intracerebrally, six animals were given 1 ml each of suspension intravenously, and six animals were given 0.2 ml each of suspension intradermally at the heel bulb-coronary band junction of each forefoot. Groups were in separate pens in isolation premises, although they shared the same air. All animals were examined daily. Pigs were anaesthetised with sodium pentobarbitone and killed by exsanguination (table 1) . Samples of skin, snout, tongue, tonsil, oesophagus, gastrointestinal tract, kidney, bladder, salivary gland, pancreas, lung, trachea, lymph node, spleen, thymus, liver, heart, triceps muscle, adrenal and thyroid were fixed by immersion in 10% neutral buffered formalin for several weeks. Paraffin sections were routinely stained by Ehrlich's haematoxylin and eosin. Periodic acid-Schiff (PAS) and von Kossa's stain also were used.
Results

Clinical Examination
In the pigs inoculated intravenously and intradermally, vesicular lesions developed from day 2, involving the skin of the main and accessory digits, the metacarpal and metatarsal areas, and sometimes the snout and tongue. The lesions were most severe during days 4-6 when the animals were sick, reluctant to move and had a poor appetite. From day 8 there was a rapid improvement in the clinical condition of all pigs.
After intracerebral inoculation some pigs had overt nervous signs including nystagmus, circling, aimless rooting at their sleeping board, shivering and a stilted gait, until day 7. One animal was killed when moribund on day 4. Small vesicular lesions were found on the tongue of one animal at day 8 and along the coronary band of the animals killed on day 16.
Pathology
Gross changes were confined to vesicle formation at the coronary band and in the skin over the metacarpus, metatarsus, snout, and tongue. At the coronary band blanching and slight swelling were the earliest changes. By day 4 there was a 5-mm-wide zone of raised blanched tissue with a 2-3 mm zone of red-brown discoloration on either side under the horn and skin. Circumscribed skin lesions, most less than 5 mm in diameter, extended to the metacarpus, metatarsus, and interdigital cleft. These were often difficult to differentiate from superficial abrasions. The vesicles tended to rupture and the fluid to drain away leaving dead skin covering what would have been a shallow ulcer. By day 8 necrotic skin formed a I-cm-wide zone above the coronary band. Underrunning of the horn was extensive with virtual detachment of the claw in some cases. Accessory digits were similarly affected. By day 16 separation of the horn and skin at the coronary band was still visible, although the dead tissue could be peeled off to expose the newly formed epithelium.
Snout and tongue lesions were usually small ruptured vesicles with epithelial tags at the periphery. They appeared to develop and heal in a way similar to foot lesions.
Significant microscopic changes were seen in the skin, snout, tongue, tonsil, gastrointestinal tract, kidney, salivary gland, and pancreas. Minor changes were found in the bladder, respiratory tract, lymph nodes, spleen, liver, striated muscle, adrenal, and thyroid. The thymus was unaffected. The types of lesions did not appear to be related to particular routes of inoculation.
The reactions in the skin, snout, tongue and tonsil were mainly in the stratified squamous epithelium. The least change was a swelling of cells in the stratum germinativum with this layer appearing to stain less intensely than the tissue immediately above or below. Cell nuclei were swollen with chromatin either clumped or marginated. This rarefaction of the stratum germinativum was seen in the tongue most consistently.
Degeneration and death of individual epithelial cells followed. Nuclei became pyknotic, often crescent shaped with shrinkage away from the cytoplasm, leaving small intracellular holes in the tissue (fig. I).
Coagulative necrosis of the whole thickness of the epithelium formed the basis of the macroscopically visible skin lesion in the vesicular disease. This necrosis tended to begin in the stratum spinosum, but rapidly spread to the other layers. The macroscopic swelling at the coronary band was caused by fluid exuding into the necrotic tissue and accumulating between the viable Haemorrhage into the affected epidermis was not common. Sometimes an intense polymorphonuclear infiltration of the necrotic tissue was seen. A marked leukocytic and fibrovascular response was in the dermis by day 4 when epithelial cells were spreading under the necrotic cap to seal the breaches.
By day 8 healing was advanced in many areas, although epithelial defects still existed. The dermal response was more intense than at day 4, and much tissue debris had accumulated in the breaches. Elongated epithelial cells, many with mitotic figures, were stretching to close the defects. These cells tended to proliferate parallel and perpendicular to the surface of the skin, forming many interconnecting bridges ( fig. 3 ). Such bridging was most obvious in the thick epidermis of the coronary band. Small foci of coagulative necrosis and cells with a ballooning type of degeneration were in areas of newly formed epithelium, suggesting an active disease process, but at a low level.
Transverse sections of healing skin were layered. There was moderate round cell infiltration and granulation tissue response under the regenerating epithelium. Eosinophilic exudate covered the epithelium. This was overlaid by cellular debris in which the architecture of the original epithelium sometimes could be seen. The necrotic tissue was pushed out as the new epithelium regenerated. Small pockets of dermis trapped by the epithelial bridges were also cast out as a more complete epithelium formed. Small knots of proliferating epithelial cells, which apparently had failed to unite with the epidermis, were found embedded in the dermis. There was tissue debris overlying intact epithelium at day 16. Presumably, this eventually would be sloughed off.
The external root sheath of hair follicles showed degenerative changes similar to those of the epithelium. Epithelial regeneration also extended from those sheaths when healing of breaches occurred. Subepidermal glands appeared to be more resistant, although necrosis of parts of the glands accompanied by a leukocytic infiltration was occasionally seen, especially in affected snouts ( fig. 4 ).
The epithelial changes in the skin apply equally well to the tongue and snout, although in the tonsillar crypts there was little evidence of exudation.
Epithelial debris accumulated in the crypt lumina and was still present on day 16 ( fig. 5) . Apart from the general epithelial changes already noted (coagulative necrosis, nuclear pyknosis, cytoplasmic ballooning) some epithelial cells had degenerated into foamy basophilic material or formed basophilic casts even by day 2 (fig. 6 ); all basophilic material was PAS- positive. This change was noticed in some crypts of some animals throughout the experiment.
The stratified squamous epithelium of the oesophagus and oesophageal part of the stomach had slight changes in the form of degeneration of individual epithelial cells.
The remainder of the tract had a heavy leukocytic infiltration into the mucosa by day 4. Small foci of necrotic epithelium and inflammatory cells occasionally were seen. This inflammatory response remained essentially the same for the duration of the experiment, although becoming milder by day 16. The submucosal and myenteric plexuses contained a mild round cell infiltrate on days 4 and 8 with some proliferation of perineuronal amphicytes. Amphoteric intranuclear inclusion bodies were rarely found in amphicytes [4] .
In the kidneys, focal degeneration of convoluted tubular epithelium with a round cell inflammatory response was seen in some animals. The most consistent finding, obvious by day 4, was hypertrophy of the renal pelvic epithelium. Basophilic granular masses, some with a lamellar substructure or containing smaller, amorphous eosinophilic aggregates, were found in the affected epithelium ( fig. 7, 8 ). Cells were swollen and had basophilic, foamy cytoplasm. Subcellular structures were then lost, but the cell continued to expand, finally forming an unidentifiable cast of basophilic material, which was von Kossa negative and strongly PAS positive. This degenerative change was rarely accompanied by more than a slight round-cell infiltration into the subepithelial tissues. Such epithelial changes extended into the ureter and were in a milder form in the bladder.
In the salivary glands and pancreas the reaction was centered on many of the interlobular and intralobular collecting ducts. Epithelial cells with pyknotic nuclei and ballooned cytoplasm were found from day 4. Cellular debris was present in the lumina of affected ducts. By day 8 the duct epithelium was thicker and more cellular because those cells that had degenerated had been replaced by large cells with basophilic foamy cytoplasm, which was strongly PAS-positive ( fig. 9,lO) . This change was even more pronounced by day 16. There was focal interstitial lymphocytic infiltration in some animals on days 8 and 16 ( fig. 1 I) . Functional obstruction of the ducts was not seen. Acini and pancreatic islet cells were unaffected. There was mild interstitial leukocytic infiltration in the lungs. At foci, where tracheal and bronchial epithelial cells had degenerated, there was also leukocytic inflammatory response ( fig. 12 ). Lymphocytic infiltration was rarely seen about submucosal glands. 
HE.
Lymphoid follicles, almost devoid of lymphocytes and with mild focal necrosis in exhausted follicles, were seen to day 8 in lymph nodes, tonsil, spleen and Peyer's patches. Lymph nodes were moderately oedematous and contained small subcapsular haemorrhages. By day 16 there were many mitotic figures in regenerating follicles.
Small foci of leukocytes and degenerating hepatocytes were regularly seen in the liver. Periportal round cell infiltration was seen in some animals. The bile ducts were unaffected. Small foci of degenerating muscle fibres surrounded by a few round inflammatory cells were occasionally seen in the heart, tongue, and skeletal muscles. Focal medullary, lymphocytic infiltration was seen on days 4 and 8 in the adrenals of some animals. Cytoplasmic ballooning and nuclear pyknosis were rarely seen in the follicular epithelium of the thyroid. At day 16 one follicle of one animal was heavily infiltrated with leukocytes.
Discussion
Histological comparison of skin lesions produced by swine vesicular disease and a type 0 Hong Kong strain of foot and mouth disease showed the latter generally to be characterised by fluid lesion with intra-and extracellular oedema forming microvesicles that coalesced to form the macroscopic lesion. In this process the stratum germinativum was usually not breached. In the swine disease the lesion was usually a full-thickness coagulative necrosis, with fluid exuding into the dead tissue and accumulating between the live dermis and necrotic epidermis. Established skin lesions of the swine disease and foot and mouth disease did not appear to differ macroscopically. There was much overlap in histologic appearances although there usually was an intact stratum germinativum in foot and mouth disease. In the healing stages the bridging of epithelial defects by epithelial proliferation parallel and perpendicular to the skin surface was a more striking feature of the swine disease than of the foot and mouth disease in which proliferation generally proceeded in a more orderly fashion from the surviving stratum germinativum. Microvesicles containing much cellular debris were trapped in the regenerating epithelium in foot and mouth disease; dermal projections trapped by proliferating epithelium in the swine disease superficially resembled such microvesicles.
Even assuming that the skin lesions produced by all strains of foot and mouth disease are similar, we doubt that swine vesicular disease and foot and mouth disease can be accurately and consistently differentiated accord-ing to the types of skin lesions produced. The effects of swine vesicular virus on various other epithelia (renal pelvis, bladder, tonsillar crypt, salivary gland and pancreatic collecting duct) and on the cornea [4] with the formation of PAS-positive material, have not been reported for other porcine vesicular diseases and might prove of some diagnostic value. Other histological changes were either too mild, nonspecific, or found too infrequently to be significant in establishing a definitive diagnosis in any particular case of the swine disease. Pancreatic necrosis and myocardial degeneration that occur in foot and mouth disease were not seen in our animals.
In man, Coxsackie B5 virus has been associated with aseptic meningitis, encephalitis, myocarditis, myositis, orchitis, diarrhoea, mild respiratory disease, vesicular and papular rashes and with a fulminating disease of neonates in which degeneration occurs in many organs. Although both Coxsackie B5 and swine vesicular viruses have a wide range of activity, the former causes most obvious changes in striated muscle (Bornholm disease) and the latter causes changes in the skin. Some researchers handling the swine virus have been affected by the disease. In these people the disease caused signs clinically indistinguishable from those of Coxsackie virus infections [l]. Such findings lead to speculation that swine vesicular disease may be a pig-adapted variant of Coxsackie B5 virus [3].
